We describe a concept for an interferometric space mission dedicated to global (wide-angle) astrometry. The GAlA satellite contains two small (baseline 3 m) optical interferometers of the Fizeau type, mechanically set at a large and fixed angle to each other. Each interferometer has a field of view of about one degree. Continuous rotation of the whole satellite provides angular connections between the stars passing through the two fields of view. Positions, absolute parallaxes and annual proper motions can be determined with accuracies on the 20 micro-arcsec level. The observing programme may consist of all objects to a limiting magnitude around V = 15-16, including 50 million stars. The GAlA concept, which has been proposed for a 'Cornerstone Mission' within the European Space Agency's long-term science programme, is based on the same general principles as the very successful ESA Hipparcos mission, but takes advantage of the much higher resolution and efficiency permitted by interferometry and modern detector techniques.
INTRODUCTION
Astrometry can be defined as the collection of techniques used by astronomers to establish the geometric and kinematic relationships among astronomical objects. Among the most important applications are the measurement of stellar distances by the parallax method, of tangential stellar velocities from proper motions, and the determination of a general reference system for positions and motions.
Ground-based optical astrometry traditionally uses a range of different instruments and observational techniques depending on the angular scale of the measurements. For 'global' or 'wide-angle' astrometry (on angular scales of a few radians) some highly specialized instruments have been devised, such as the meridian circle and the prismatic astrolabe. Their purpose is to utilize the Earth's smooth rotation and the stability of its axis to connect widely different parts of the sky and to define suitable reference directions. In contrast, 'narrow-angle' astrometry (field size < 1°) can be done by means of conventional telescopes equipped with a photographic plate or CCD detector, provided the image quality and focal lengths are adequate. At intermediate scales (a few degrees) the photographic Schmidt camera is a standard tool.
Global techniques are clearly required in order to construct a consistent set of coordinates over the sky, i.e. , a reference system. Current techniques, as embodied for instance in the Fifth Fundamental Catalogue (FK5) of stellar positions and proper motions,1 reach a formal precision of about 10-20 milli-arcsec (mas) in the positions, but there is evidence for much larger regional systematic errors,2 a result that will be confirmed by Hipparcos. Part of the problems with wide-angle astrometry is caused by low-frequency components of random variations in the atmospheric refraction, which limit the accuracy of individual directional measurements to about 0.1 arcsec. The atmospheric effects on wide-angle astrometry can be significantly reduced by the special techniques of optical interferometry (using simultaneous observation at different wavelengths to extrapolate to zero refraction variations) ,and errors of a few mas are expected for brighi stars in the near future. However, the limited sky coverage from any single site on the Earth may in the end be a more fundamental limitation. The calibration of certain bias parameters -in the traditional case relating to refraction and fiexure -is inherently extremely difficult for any restricted range in declination. On a truly global scale the prospects for sub-mas optical astrometry from the ground are therefore not very encouraging.
The situation is radically different in the narrow-angle regime. Only differeniial effects of the atmosphere and instrument matter here, and they are typically orders-of-magnitude smaller. For instance, the atmospheric limit for differential measurements4 is typically 2-3 mas for an integration time of 1 h and a field of view of 0.5° . Narrow-angle techniques have indeed for a very long time been successfully applied to the measurement of the tiny displacements of the stellar images caused by the parallax. Standard errors of 1-2 mas are now regularly attained.5'6 Very-narrowangle astrometry, basically confined to the isoplanatic patch, has the potential of much higher accuracy. Infrared interferometers could for instance be profitably operated in this regime, resulting in errors of the order of 10 microarcsec (/1as) for a 1 hour observation at 2.2 pm wavelength with a 200 m interferometer.7
There is consequently a lot of potential for high accuracy narrow-field astrometry through the atmosphere, with some important applications -such as the search for planetary systems. Nevertheless it is in fact global measurements that are needed for most astrophysical and galactic applications. Only space techniques, benefiting from the full-sky visibility of a free-flying satellite, can meet the extreme requirements of very accurate global astrometry.
The launch of the European Space Agency's Hipparcos satellite in 1989 signalled the start of a new era for optical astrometry.8 It is now clear that this mission will yield the scientific results that were originally targetted, in particular the positions, parallaxes and annual proper motions ofover 100,000 stars with a typical accuracy of 1-2 mas. Indications are that systematic errors are well below 1 mas. The dramatic success of Hipparcos has demonstrated the feasibility of a new mode of astrometric measurement, possible only in free space, which is characterized by roughly the same absoluie angular accuracy on all scales, from global to narrow-angle. In retrospect, it appears that this mode has resulted from the combination of a few simple concepts:
. Two fields of view, set at a large angle to each other, permit to link widely different areas of the sky in a single measurement.
. The angular measurements are basically one-dimensional, namely, on the great circle connecting the two fields.
. Continuous scanning permits to measure all programme stars as they pass through the two fields, while minimizing the need for attitude manoeuvres and keeping external influences as constant as possible.
. Rapid rotation of the whole instrument about an axis perpendicular to the two fields permits to determine critical parameters, in particular the scale value and the 'basic angle' between the two fields, from the 3600 closure condition on a full rotation. Instrument stability is uncritical on all time-scales longer than the rotation period, or 128 mm in the case of Hipparcos.
. Two-dimensional positions, and eventually the parallaxes and proper motions of the stars, are built up by slowly changing the orientation of the rotation axis so that each point on the sky is scanned in many different directions and at many different times over the mission.
. The data processing ideally consists of a single simultaneous adjustment of all unknowns, whether they represent the instrument, its scanning motion, or the stars.
We believe that these concepts together represent an optimal solution for global astrometry. The one basic weakness of Hipparcos was the bright limiting magnitude (around 12.5), which prevents the realization of a direct link to the conventional extragalactic reference system. For any future space astrometry mission the inclusion of numerous extragalactic objects on the observing list must be a major priority. In practice this implies a limiting magnitude of at least V = 15.
The realization that further very substantial advances in astrometry could be made from space in the near future has stimulated new ideas for a possible astrometric mission. One such proposal, called ROEMER,9 was submitted in 1993 by a team led by Erik Høg in response to ESA's Call for Proposals for the Third Medium-Size Mission (M3). Based on the concepts of Hipparcos, but employing a vastly superior CCD technique, ROEMER would combine sub-milli-arcsec astrometry of 100 million stars down to about 18th magnitude with multi-colour, multi-epoch precision photometry of the same stars. Although the ESA advisory bodies fully recognized the appeal and scientific importance of this mission, it was considered premature to start the study of a new astrometry mission before the Hipparcos results had made its impact on the scientific community.
The telescope proposed for ROEMER is only slightly larger in aperture than the Hipparcos instrument -336 mm diameter compared to 290 mm. The immense improvement in efficiency, roughly by a factor iO in astrometric weight, derives almost entirely from the replacement of the ilipparcos grid and image dissector tube with an array of CCDs read out in a continuous scanning mode. As both resolution and photon statistics improve with the aperture diameter there is clearly room for an even greater improvement if a scaled-up version of ROEMER might be considered. An alternative development might be towards a scanning interferometer.
A proposal for a small astrometric interferometer called GAlA was submitted to ESA in Octobef 1993 by the present authors, following the Agency's call for mission concepts within its long-term scientific programme, now known as Horizon 2000 Plus. Like ROEMER, the GAlA proposal is strictly based on the concepts described above. However, in order to increase the resolution in the scanning direction, GAlA uses two Fizeau interferometers of about 3 m baseline, set at a fixed angle. Through its continuous scanning, GAlA will be able to measure all stars and compact galactic nuclei down to its limiting magnitude of about 15.5, or a total of about 50 million objects. The main objective is to determine the positions, proper motions and parallaxes of the stars in a globally consistent, inertial reference system. The estimated accuracy is about 20 pas for the positions and parallaxes and 20 jas y for the proper motions. A very substantial by-product is the measurement of the magnitudes of the same objects in several wavelength bands and at many epochs throughout the mission.
THE SCIENTIFIC CASE FOR MICRO-ARCSEC GLOBAL ASTROMETRY
Knowledge of stellar distances is fundamental to all astrophysical investigation. The trigonometric parallax is the only known method to obtain such distances truly independent of the models of stellar atmospheres, structure and evolution. [The parallax, here denoted w, is defined as the angle subtended at the star by the mean radius of the Earth's orbit. If is expressed in arcsec, then r = 1/tz gives the distance to the star in parsec (pc).] The usefulness of parallaxes depends strongly on the level of their errors, or specifically on how many objects of a certain type can be found within the parallax horizon', i.e., the maximum distance for a given relative accuracy in parallax or distance (o/r = For fixed relative accuracy the volume of space within the parallax horizon, and therefore often also the number of interesting objects, increases as Thus, while the majority of ground-based parallax determinations reach distances (at the 10% accuracy level) of only 10 to 20 pc, Hipparcos has enlarged this volume by one or two orders of magnitude, providing for the first time direct access to the more massive (and therefore rarer) stars. At the 20 micro-arcsec error level, the accessible volume is further multiplied by a million. This will for instance allow direct distance determination of all galactic Cepheids and a complete sampling of the main sequence with respect to masses, ages, metallicity and helium content. Indirectly this will profoundly impact the determination of the cosmic distance scale.
Annual proper motions become estimable with a comparable accuracy, corresponding to a precision on the transverse stellar velocities of 1 km s at a distance of1O kpc. The determination of stellar motions with such a precision in a global reference system will extend the distance horizon for kinematical and dynamical studies to the entire Galaxy, allowing a determination of the rotation curve, the scale height, and the mass density throughout a major portion of the Galaxy. The dynamical features of the Galaxy/Magellanic Cloud interactions become accessible, as well as the internal kinematics of the Magellanic System and of large stellar aggregates throughout the Galaxy. SPIE 
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A B Despite the current intense observational and theoretical efforts devoted to cosmology and the large-scale structure of the Universe, our own Galaxy remains the unique case where the complete scenario of galaxy formation and evolution may be traced back to the protogalaxy epoch through the physical and kinematical study of stars of all generations and birthplaces. The parallax and proper motion data, combined with radial velocities and colours, would allow a thorough discussion of the various galactic populations, such as the halo, the old disc, the bulge and the young disc. It should be noted that many of the galactic investigations, because of their statistical nature, require very large samples of stars.
For all kinds of studies involving stellar distances it is essential that the parallaxes are absoluie, i.e., that they do not suffer from an ill-defined zero point. At present, ground-based parallaxes are determined with respect to what is believed to be distant background stars within a small field. The residual correction from relative to absolute parallax is computed using distances estimated from spectroscopic and photometric criteria. Such a method has been acceptable because the background stars usually have parallaxes of only a few mas, which is less than or comparable to the error of the ground-based measurements. But when much higher parallax precision is aimed at, this small-field technique is no longer adequate, because the uncertainty in the corrections will be much too large (except if one can be sure to use only quasars as background objects). Absolute parallaxes can however be obtained directly if measurements are not confined to a small field, but extend over a large part of the sky.
The different principles of relative and absolute parallax determination can be explained by simple geometry (Fig. 1) . The two stars A and B are observed when the Earth (and the satellite) is at the opposite points E1 and E2 in its orbit around the sun (S). The baseline E1E2 subtends the angle 4'A = 2A sin ®A as seen from A, if WA is the parallax of the star. Similarly B = 2WB sin eB. The observable quantities are the angles 'F1, 'F2 between the stars, as seen from E1 and E2. We have:
In narrow-field astrometry ®A eB (= 9), that 'F2 'F, 2(WA -WB) sin a In this case the parallax difference WA WB 5 determinable, but not the individual parallax values. Now consider the case of global astrometry, where ®A and ®B may differ by a large angle. Depending on the orientation of the baseline E,E2 the sine factors in Eq. (1) will appear in different combinations, thus permitting determination of both WA and WB. Hence the (perhaps surprising) conclusion that absolute parallaxes can be derived from purely relaiive angular stellar measurements, provided they are capable of bridging the large angles. 
USE OF A SCANNING INSTRUMENT
We have stressed the need for global measurements as necessary both for the construction of a coherent reference system for the positions and proper motions, and for the determination of parallaxes. This must be achieved by direct measurements of long arcs (' 1 rad) , lest the accumulation of the errors of many small arcs should destroy the coherence on a global scale. The most demanding technical requirement for any global astrometric instrument is the necessity for an extremely accurate calibration of the long-arc measurements. We believe that this is most easily achieved with a continuously scanning instrument in which the calibration parameters, as a function of time, are determined from the observations themselves as part of the global adjustment of the astrometric data. Elementary considerations of this scanning concept lead to some interesting conclusions for the design of the telescope and detector.
Continuous scanning necessarily implies a large observing programme, so that there are always several objects within the instrument's field of view. It also restricts the maximum integration time on any object to r TQ/4ir, if T is the mission duration and Q the total solid angle of the detector(s). Since the astrometric standard errors are proportional to T112, and given that T is limited to a few years, we are thus motivated to maximize and consequently the field size. This must however be balanced against optical aberrations and the availability of detectors with a sufficient spatial resolution.
For instance, consider the use of a CCD directly in the focal plane. This a a technically attractive solution for a scanning instrument, because the charge image can be shifted and read out in synchrony with the rotation of the satellite. However, to benefit from the full resolution the pixel size -at least in the scanning direction -must be at most a quarter of the fringe spacing, or A/4L (in angular measure), if ) is the wavelength and L the baseline. With L = 3 m and ) '-500 nm, a one degree field requires some 400,000 pixels in the scanning direction. In the transverse direction, where the resolution is not so high, one could do with perhaps 25,000 pixels, giving a total of 1O'° pixels. Since this must be squeezed into an area of reasonable linear dimensions (a few decimetres), a pixel width of 1 jim is required, which is clearly beyond present-day CCD technology. To match existing detectors requires a reduction of either the field diameter or the baseline by a factor 10, which in both cases increases the astrometric errors by the same factor 10 . Thus it appears that with a given, realistic number of pixels ( 108), the maximum useful baseline (if the detector is to be placed directly in the focal plane) is of the order of 0.3 m. This corresponds roughly to the ROEMER proposal.
While these limitation may be overcome with future generations of solid-state detectors, we have considered an alternative solution, using a focal grid to encode the positional information and a detector of low spatial resolution to record the encoded signals. This concept is outlined in Section 4.2 and 4.3.
Elementary considerations indicate that an accuracy of the order of 20 micro-arcsec at the 15th magnitude can be reached with a baseline of L = 3 m and a total integration time of r 1000 s per object. This requires a field of view of 0.7 -1.O diameter. Such a wide interferometric field can only be realized in a Fizeau configuration (Fig. 2) . The requirements in terms of design aberrations, manufacturing tolerances and alignment are extremely severe, and active stabilization of pathlengths is certainly a prerequisite for the attainment of fringes at all points in the field.
The field size in turn defines a lower limit to the speed of scanning. Using a 'revolving scanning law' similar to that of Hipparcos,1° but allowing a slightly larger angle (perhaps 55°) between the Sun and the spin axis, appears to be the most efficient way to cover the whole sky in manner which allows a good separation of the astrometric parameters. The rate of change of the spin axis is about 4.10 day'. To avoid gaps between successive scans, for a field width of 0.7°, requires a maximum spin period of 4 hours. In practice 3 hours may be chosen, to leave some margin for deviations of the actual attitude from the nominal. The scanning speed is then 120 arcsec s1. 4 . THE GAlA CONCEPT
Summary of the proposal
Our preliminary studies indicate that an instrument consisting of two mechanically connected Fizeau interferometers, each with two 30 cm apertures on a 3 m baseline, could yield positions, annual proper motions and parallaxes to the level of some 20 micro-arcsec. The limiting magnitude would be around V = 15-16, and the observational programme could consist of all objects down to this limit, or some 50 million stars and numerous extragalactic and solar system objects.
In view of the tremendous astrophysical importance of such a programme we have proposed that ESA carries out a careful feasibility study of concepts for a global astrometric mission. We consider this study appropriate and timely, for the following reasons:
. The recent Hipparcos experience underlines that a continuously scanning instrument is the optimum, and possibly the only way, to achieve a dense global reference system and, as a consequence, positions and proper motions for a large number of stars significantly below the milli-arcsec level. Many of the technical and scientific solutions adopted for Hipparcos (and also proposed for ROEMER) could be directly applied to a global interferometric mission, for example, the scanning 'law', the tools for the accuracy assessment, etc.
. Stabilization of a Fizeau interferometer with such a small baseline should be feasible, given experience with comparable apertures (Hubble Space Telescope) and comparable stability requirements (Ilipparcos).
. ESA, and the scientific community that it represents, could be confident that the scientific goals ofsuch a mission would be very substantial, and could not be achieved from the ground.
. The mission would give direct experience for possible longer baseline instruments, also for imaging interferometry, ultimately positioned in space, or on the Moon. However, it is important to note that the Moon cannoi be considered as an optimum location for astronomical programmes requiring all-sky visibility, such as a global astrometric instrument.
It should be noted that many aspects of the GAlA proposal, including the scientific justification, are quite similar to the ROEMER proposal. We have no dogmatic views concerning whether an interferometer (as in GAlA) or an imaging telescope (as in ROEMER) is the best way to achieve the desired angular accuracy. Rather, we consider that an advanced global astrometric mission should be the subject of an ESA study within its Horizon 2000 Plus scientific programme, and that the concept which gives the most substantial scientific return should be taken further.
Use of a modulating grid
As noted above, exploitation of the information at the fringe frequency by means of a detector (CCD) directly at the focal surface would require a prohibitively large number of pixels. This requirement, and the corresponding tolerances on the detector performances, can be relaxed dramatically with the inclusion of a modulating element, resulting in a data collection somewhat analogous to that employed with Hipparcos.
In this concept the focal surface is covered by a grid consisting of alternatingly transparent and opaque bands parallel to the interference fringes of the stellar images. The grid period s (in radians) must match the fringe spacing 'eff/L, so that the transmitted light is modulated as the star images move across the grid. With eff 5 nm, L = 3 m and an image speed of 120 arcsec (equal to the rotation rate of the satellite), the frequency of modulation behind the grid is about 3.5 kHz. The phase of this signal provides the positional information (star image relative to the grid), while the amplitude contains photometric information. In order to allow an accurate determination of the phase, the intensity must be sampled at a rate which is at least four times the modulation frequency, or about 14 kllz. with a common focus. Three mirrors are needed to obtain a sufficiently wide field ( 1°diameter). This drawing is only intended to illustrate the Fizeau principle and does not represent an actual optical solution. Fig. 3 (right) . Part of the modulating grid (G) with an array of field lenslets (F) and detector (CCD). The two circular pupils of the interferometer are imaged on the CCD at P1 and P2 . Diffracted (and unmodulated) light is masked off (M). (Not drawn to scale.) An integrated 'light curve' of the modulation can be recorded by a CCD in which the electric charges generated by the photons are shifted back and forth in synchrony with the modulation. In principle four pixels are sufficient to store the four phases of the light curve. For each clock pulse the charge image is shifted one pixel forward, but after four pulses it is quickly shifted four pixels backward, in preparation for the next cycle. The pulse frequency must be accurately matched to the actual modulation frequency (depending on the grid period, the satellite rotation rate, and the image scale) to allow the light curve to be built up over many hundred modulation periods. A field lens (F in Fig. 3 ) ensures that the illumination on the CCD is stationary during this process, by imaging the two entrance pupils of the interferometer at the fixed points Pi , P2 on the CCD.
An alternative way of describing the light modulation is to regard the grid (G) as a diffraction grating. The imaging of the entrance pupils through the grating and the field lens produces a whole series of spectral orders on the detector, in particular the images of order -1, 0, and +1. At precisely the wavelength where the fringe period matches the grid, it turns out that the separation of the successive spectral orders equals the separation of the pupils, so that the 1st order image of one pupil is superposed on the 0th order image of the other pupil, etc. The light modulation at P1 and P2 can thus be understood as interference of the two pupil images superposed in different orders. In the Faunhofer approximation the instantaneous monochromatic intensity in the detector plane can be written I(x, y) oc :
n=-co rn=-oo where A(x, y) is the complex amplitude in the pupil plane [the (x, y) coordinates in the detector plane are defined by the geometrical imaging through the field lens of the pupil plane coordinates]; q5 is the phase of the fringes relative to the grid, u = .\/s, and c, a set of complex Fourier coefficients describing the amplitude transmittance of the grid along the angular coordinate parallel to the x axis: g() = cn exp(i2/s) .
For a gd with transparent and opaque bands the coefficients are:
where q is the ratio of the width of the transparent bands to the grid period s. The optimal value is close to q = 0.5, so that terms with ni > 1 can practically be neglected. Collecting together the terms in Eq. (2) with n -m = 0 yields the dc component of the signal, while n -m = yield the amplitude and phase of the modulated component.
Inspection of Eq. (2) reveals that any (diffracted) light falling outside the geometrical image of the entrance pupil is unmodulated, and the signal-to-noise ratio is therefore improved by removing such light. This is done by a the mask M in Fig. 3 containing two round holes at P1 , P2 . It is also seen that modulation is only obtained This corresponds to the requirement that the coherence length is sufficient for fringes to appear over the whole Airy disk of the circular pupils.
The grid described by Eq. (3) has an average transmittance of q = 0.5, which means that at most half of the light is actually used. By regarding the grid as a diffraction grating and the modulation as a result of interference of the superposed pupil images, it is easy to see that a phase grid could be used instead of the amplitude grid, resulting in a better utilization of the light. A pure phase grid introduces a phase shift that varies periodically with the coordinate. For instance, a sinusoidal variation of the phase, with an amplitude ofp radians, gives instead of Eq. (4): cn = i '172(P) (5) where J are Bessel functions. Insertion in Eq. (2) shows that the intensity modulation is now 180° phase shifted between P1 and P2 , so that the sum of the transmitted light is constant. In principle one should gain up to a factor two in light efficiency by the use of a phase grid, but the overall gain may be smaller because the modulation contrast is somewhat reduced compared with the amplitude grid. However, the optimum form of g() for a phase grid has not been yet established.
The pupil images at P1 and P2 will in reality be large enough to cover several adjacent pixels of the CCD. This makes it possible to sample the modulation curves at different positions (x, y). This is not desirable for the faint stars, as it would increase the read-out noise, but for bright stars it can be used to derive information on the wavefront aberrations in A(x, y), which in turn can be used for active control of the mirrors.
Arrangement of grids and CCDs
With an observing programme of 50 million stars there will be some 500-1000 objects in the field of view at any time. Ideally the modulated signal should be individually recorded for each of the objects. To this end there is a whole array of small field lenses (F in Fig. 3 ) behind the grid, each defining a subfield of about 0.3 arcmin2. This size is chosen so that the probability of having more than one object in the same subfield is of the order of 10%. The subfields may be elongated in the scanning direction to maximize the time spent by a star image in the subfield. For instance, with a size of 10 x 100 arcsec2 a star would spend about 0.8 s in the subfield, or some 3000 modulation cycles. The CCD is read out at intervals of about 0.5 s, and only data for subfields with a significant signal are kept for analysis.
A practical problem with the use of a periodic grid is the ambiguity of image positions with respect to a multiple of the grid period. This can be solved if several different grid periods are used. However, this requires a separate CCD for each grid period, since the whole CCD must be operated at the same clock rate, as governed by the modulation frequency. Moreover, the effective wavelength and hence the colour filters must be chosen to match the grid periods. The use of several different grid periods endows the instrument with a certain imaging capability at its maximum resolution, as each scan across an object corresponds to the sampling of three points in the spatial frequency (uv) plane.1' This is a great help in dealing with double and multiple stars and the 10% cases when more than one star happen to fall in the same subfield. The correspondingly different wavelength passbands adds multicolour photometry with a relative bandwidth s D/L as a natural part of the mission.
In the proposed concept the focal surface is covered by a mosaic of about 25 grids, with different grid periods but manufactured on a single transparent substrate. Each grid is equipped with its own colour filter, an array of about 400 field lenses defining the subfields, and a separate CCD. As previously explained, the resulting intensity modulation is separately recorded for each subfield during an interval of about 0.5 s, in the form of (at least) four pixel values representing the mean light curve during the integration interval; the full CCD image is then read out and another integration begins.
Adjacent to the modulating grid there must be some CCDs set directly in the focal surface which will integrate star images at a lower resolution (corresponding to the Airy disk of each 30 cm aperture). These are used for approximate (s 2 milli-arcsec) attitude deteimination, as required by the data reductions, for a mapping of star images to be used as a starting approximation for the interferometric analysis, and for the active control of the mirrors (by superposing the two Airy disks).
Wide-angle measurements
Two identical interferometers, with optical axes set at a large angle (1 to 2 rad) to each other and perpendicular to the spin axis, are required to bridge the long arcs in a sufficiently short time to overcome intrinsic variations of the instruments. In Hipparcos, two 'viewing directions' at 58° separation were superposed in a common field of view. This superposition of the fields adds some complication to the Hipparcos data analysis but is not an essential part of the measurement principle. For GAlA we propose that the two fields of view are kept optically separated.
The use of the 3600 closure condition for every complete great-circle scan means that the astrometric results are very insensitive to all instrumental variations on time scales longer than three hours. A crucial question is the actual requirement in terms of the short-term stability, in particular of the 'basic angle' between the two interferometer axes. Experiences with the Hipparcos data have shown that at least certain components of the short-term variations can be eliminated in the data analysis, by proper modelling, without significantly reducing the coherency of the global results. We believe that this is true also for the present concept, and that the stability requirements are therefore substantially relaxed compared with the final accuracy. Further study is required to determine the precise stability requirements and whether they can be achieved by purely passive means.
Technological and mission requirements
The feasibility of the proposed concept depends critically on the following two requirements:
1. that a sufficiently large field (0.7-1.0 degree diameter) with full interferometric resolution can be achieved and maintained for a Fizeau interferometer of a few metres baseline;
2. that the two interferometers can be mechanically or optically connected so as to ensure a sufficient stability, or precision of monitoring, of the basic angle between their optical axes.
The suggested design should be consistent with an Ariane 5 launch mass and volume. From a science point of view the choice of orbit is not critical, although the relatively high and continuous data rate (some 100 kbit s') probably makes a geostationary orbit the preferred choice. The orbital velocity must be known a posteriori to an accuracy of about 1 cm to allow the calculation of stellar aberration. A minimum lifetime of three years is required to obtain annual proper motions to an accuracy matching that of the parallaxes.
CONCLUSION
There is a very strong scientific case for global optical astrometry at the 1-100 pas accuracy level. Such measurements cannot be obtained from the ground due to the atmosphere and partial sky coverage, but are well suited for a space mission using a free-flying satellite of moderate size. We consider that a small space interferometer dedicated to global astrometry could be undertaken in the near future. This would capitalize on the recent experiences with Hipparcos, provide secure and outstanding scientific returns, and underline Europe's leading role in fundamental astronomy. A study of concepts for such a mission should be initiated within ESA's Horizon 2000 Plus Scientific Programme.
